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(54) SEMICONDUCTOR DEVICE, IMAGE DISPLAY SYSTEM AND ELECTRONIC SYSTEM 

(57) An image display system includes a register for 
storing a display address of a fixed display area, a reg- 
ister for storing an address of a scroll area, a register for 
storing an address from which scrolling is to be started, 
etc. By properly setting the addresses stored in those 
registers in counters for counting a display address of a 
display RAM 131, it is possible to count the display 
address while freely skipping addresses and to scroll a 
part of a screen. Therefore, the number of accesses 
made from an MPU 11 to the display RAM 131 is much 
lessened and power consumption can be greatly 
reduced in comparison with the case of rewriting data in 
the display RAM 131 for scrolling. If an interrupt or the 
like is applied to the MPU 1 1 during scrolling, the data in 
the course of the scrolling is avoided from appearing on 
the screen. 
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Description 

Technical Field 

[0001] The present invention relates to a semicon- 
ductor device used for efficiently changing the position 
of display data displayed on a display device, an image 
display system using the semiconductor device, and an 
electronic system using the image display system. More 
particularly, the present invention relates to the 
sequence of supplying display data, which is stored in a 
display RAM (Random Access Memory), to an image 
display system. 

Ba ckground Art 



[0002] For displaying data on a Liquid Crystal Dis- 
play (hereinafter referred to as an "LCD") which serves 
as a display device, a semiconductor device called an 
LCD driver is employed. There are two types of LCD 
drivers, i.e.. a segment driver (hereinafter referred to as 
an "X driver") for driving data electrodes of the LCD, arid 
a common driver (hereinafter referred to as a "V driver?) 
for driving scanning -electrodes of the LCD. The X driven* 
is a circuit for receiving display data to be displayed ort 
the LCD from a display RAM4hrough a circuit c|U§c! a| 
di^l^confrSII^f; and converting the received data into 
a voltage requiredtfor driving the LCD. The Y driver is a 
circuit for receiving, through the display controller, data 
to select a line in which a data signal supplied from the 
X driver is to be written, and converting a voltage for 
selection/non-selection into the voltage required for 
driving the LCD. Usually, the selected line is scanned by 
a line at a time scheme. 

[0003] With advances in the semiconductor manu- 
facturing technology and the circuit technology, it has 
recently become possible to integrate an X driver, a dis- 
play RAM and a display controller into one IC, or further 
integrate a Y driver and a display power supply circuit 
for an LCD as well. As a result, a reduction in the 
number of chips used in a display system and a reduc- 
tion in power consumed by the display system are pro- 
moted. 

[0004] Fig. 2 is a schematic block diagram of a con- 
ventional image display system. 
[0005] The conventional image display system 
includes a microprocessor (hereinafter referred to as an 
"MPU") 1. The MPU 1 is constituted by a central 
processing unit, and has the function of generating a 
signal to write display data, which is to be displayed on 
an LCD, in a display RAM. An oscillator 2 has the func- 
tion of generating a reference clock required for dsplay- 
ing data on the LCD. A RAM built-in X driver 3 is a one- 
chip unit incorporating a display RAM 31 . a display con- 
troller which is. though not denoted in Fig. 2. made up of 
an MPU logic 33 and a display logic 34. and an X driver 
32. AY driver 4 is a circuit for receiving, through the dis- 
play controller, data to select a line in which a data sig- 



nal supplied from the X driver 32 is to be written, and 
converting a voltage for selection/non-selection into a 
voltage required for driving the LCD. A display power 
supply 5 has the function of generating a voltage 
5 required for displaying data on the LCD. LCD panels 61 . 
62 are each the same panel, but represent the cases 
displaying different screen images. The display RAM 31 
is constituted by a dual port RAM that interfaces with the 
MPU and the display system in asynchronous relation. 
10 The X driver 32 is a circuit for converting the display 
data read out of the display RAM 31 into a voltage 
required for displaying data on the LCD. The MPU logic 
circuit 33 has the function of performing processing 
related to the MPU 1 such as processing of commands 
t5 sent from the MPU 1 and control of the display data to 
be read out of and written in the display RAM 31. The 
display logic circuit 34 has the function of performing 
control related to display such as control of the opera- 
tion of reading the display data out of the display RAM 
20 31 and supplying the read-out data to the X driver 32 
and control of the Y driver 4. A memory area 301 serves 
as an area for storing the display data. An MPU 
read/write circuit 302 is a circuit for performing control of 
reading/writing made on the memory area 301 . An MPU 
25 row address 303 is a decoder for indicating an address 
of the memory area 301 in the Y (row) direction in the 
reading/writing mode of the MPU. An MPU column 
address 304 is a decoder for outputting an address of 
the memory area 301 in the X (column) direction in the 
30 reading/writing mode of the MPU. A display address 
305 is a decoder for reading the display data, which is to 
be supplied to the X driver 32. from among the display 
data stored in the memory area 301 . 
[0006] The LCD panel 61 has a display capacity of 
35 320 x 240 dots; namely, it has 240 lines of common 
electrodes on the left side of the panel and 320 lines of 
segment electrodes on the upper side thereof. The dis- 
play RAM 31 incorporated in the RAM built-in X driver 3 
has the same display capacity as the LCD panel 61 , i.e.. 
40 320 x 240 bits. The MPU column address 304 of the dis- 
play RAM 31 includes 320 addresses corresponding to 
the number of dots in the X direction of the LCD panel 
61 . Because of 8-bit simultaneous writing, the MPU row 
address 303 of the display RAM 31 includes 30 
45 addresses corresponding to a result of dividing 240. i.a . 
the number of dots in the Y direction of the LCD panel 
61 . by 8. The MPU 1 can write data, which is to be dis- 
played, at any desired position in the display RAM 31 
through the MPU logic circuit 33 and the MPU 
so read/write circuit 302 by designating any desired 
addresses to the MPU column address 304 and the 
MPU row address 303 through the MPU logic circuit 33. 
One bit of the display data corresponds to one dot for 
display in the LCD panel 61 . If the display data is "0". the 
55 predetermined dot in the LCD panel 61 corresponding 
to that display data is displayed white, and if the display 
data is "1". it is displayed black. 
[0007] The display address 305 includes 240 
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addresses corresponding to the number of dots in the Y 
direction of the LCD pane! 61. The display logic circuit 
34 designates any one of the display addresses "0" - 
"239*. When the display address is designated, the dis- 
play RAM 31 outputs data of 320 bits corresponding to 
the number of dots in the X direction of the LCD panel 
61 , and supplies the data to the X driver 32. The X driver 
32 converts the received display data into a voltage 
required for driving the LCD panel 61 , and supplies the 
voltage to the LCD panel 61 for driving the same. 
[0008] Fig. 3 is a time chart of signals at respective 
points for explaining the operation of the image display 
system of Fig. 2. In Fig. 3, the vertical axis represents a 
logical level and the horizontal axis represents time. The 
operation of Fig. 2 will be described below with refer- 
ence to Fig. 3. 

[0009] A signal 401 is a reset (RES) signal. A signal 
402 is a reference clock DCLK supplied from the oscilla- 
tor 2. Signals 403, 412 are each an output of a not- 
shown address counter included in the display logic cir- 
cuit 34. Signals 404, 413 are each X driver data given by 
the data in the display RAM 31 that is taken in by the X 
driver 32 at a fall of the reference clock DCLK. A signal 

405 is a selection signal YDATA supplied to the Y driver 
4. Signals 406 - 41 1 are selected data transferred by a 
240-step shift register (not shown) in the Y driver 4. 
[0010] As indicated by the signal 403, the output of 
the not-shown address counter included in the display 
logic circuit 34 is initialized to "0" with the rise edge of 
the reset signal RES. After that, the output of the not- 
shown address counter is counted up with the rise edge 
of the reference clock DCLK 402, and is returned to "0" 
upon the count reaching "239" as indicated by the signal 
403. The signal 403, which is an output signal of the 
address counter, is supplied to the display address 305, 
whereby the display address is designated from "0" to 
"239" in sequence. 

[0011] The YDATA 405 is a selection signal sup- 
plied to the Y driver 4. "H" of the YDATA 405 corre- 
sponds to line selection and "L" corresponds to non- 
selection. The YDATA 405 turns to "H" from the rise 
edge of the reset signal RES to the rise edge of the next 
reference clock DCLK. After that, the YDATA 405 turns 
to "H" each time 240 pulses of the reference clock 
DCLK are outputted. The Y driver 4 takes in the YDATA 
with the fall edge of the reference clock DCLK and 
transfers the YDATA by the 240-step shift register (not 
shown) in the Y driver 4. Outputs of respective registers 
of the 240-step shift register are issued as the signals 

406 - 41 1 and provide data supplied to 240 terminals of 
the Y driver 4. The outputs of the respective registers 
are each converted into a voltage required for displaying 
data on liquid crystals, and are then supplied to the LCD 
panel 61 for driving the LCD panel 61. The data of the 
signal YO (406) is supplied to an uppermost terminal of 
the LCD panel 61 after being converted into a voltage 
required for displaying data on liquid crystals, and the 
data of the signal Y1 (407) is supplied to another termi- 



nal positioned adjacently under the uppermost terminal. 
Likewise, the data of the signal Y2 (408) is supplied to 
still another terminal positioned adjacently under the 
second uppermost terminal. In other words, one of the 
5 240 lines of common electrodes is selected each time, 
and the selected electrode is scanned downward from 
the uppermost electrode. 

[0012] The display address 305 of the display RAM 
31 includes addresses assigned with "0" - "239" from an 

10 upper end to a lower end. As shown in Fig. 2, data "□", 
"O" and are written by the MPU 1 in the memory 
area 301 throughout the display addresses TT - "239". 
Those display data are each symbolically indicated, tak- 
ing into account that a dot in the memory area 301 

is where "1 " has been written is displayed black and a dot 
therein where "0" has been written is displayed white. In 
fact, the display data is electrically written in the mem- 
ory area 301. 

[0013] When the display address is initialized to "0" 

20 by the reset signal RES as indicated by the address 
counter output signal 403 in Fig. 3, the X driver 32 out- 
puts the display data at the display address "0" to the 
segment electrodes with the fall edge of the next refer- 
ence clock DCLK as indicated by the X driver data 404. 

25 At this time, the Y driver 4 is outputting the selection sig- 
nal to the uppermost common electrode of the LCD 
panel 61 as indicated by the signal Y0 (406). Therefore, 
the data at the display address "0" is written and dis- 
played in the uppermost line of the LCD panel 61. With 

30 the fall edge of the further next reference clock DCLK, 
the X driver 32 outputs the display data at the display 
address "1" to the segment electrodes as indicated by 
the X driver data 404. At this time, the Y driver 4 is out- 
putting the selection signal to the second uppermost 

35 common electrode of the LCD panel 61 as indicated by 
the signal Y1 (407). Therefore, the data at the display 
address T is written and displayed in the second 
uppermost line of the LCD panel 61 . Likewise, with the 
fall edge of the further next reference clock DCLK (402), 

40 the further next display data is written and displayed in 
the further next selected line. Thus, the data "O" 
and "a" are written in the display RAM 31 at "0" - "239" 
of the display address, the display address is advanced 
while being counted up from "0" to "239", and the com- 

45 mon electrodes are selected one by one from the upper- 
most side by a line at a time scheme. Consequently, as 
shown in Fig. 2, the display data is now displayed on the 
LCD panel 61 from the upper side to the lower side in 
accordance with the order of the display addresses "0" - 

so "239" of the dfisplay RAM 3 1 . 

[0014] Then, when the display address is initialized 
to, e.g., "1 20" by the reset signal RES (401) as indicated 
by the address counter output signal 412 in Fig. 3, the X 
driver 32 outputs the display data at the display address 

55 "1 20" to the segment electrodes with the fall edge of the 
next reference clock DCLK (402) as indicated by the X 
driver data (41 3). At this time, the Y driver 4 is outputting 
the selection signal to the uppermost common elec- 
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trode of the LCD panel 62 as indicated by the signal YO 
(406). Therefore, the data at the display address "120" 
is written and displayed in the uppermost line of the 
LCD panel 62. With the fall edge of the further next ref- 
erence clock DCLK (402), the X driver 32 outputs the < 
display data at the display address "121 n to the segment 
electrodes as indicated by the X driver data (413). At 
this time, the Ydriver 4 is outputting the selection signal 
to the second uppermost common electrode of the LCD 
panel 62 as indicated by the signal Y1 (407). Therefore, 
the data at the display address "121" is written and dis- 
played in the second uppermost line of the LCD panel 
62. Likewise, with the fall edge of the further next refer- 
ence clock DCLK (402), the further next display data is 
written and displayed in the further next selected line. 
Assume now that the data " O " and "a" are written 
in the display RAM 31 at "0 H - H 239" of the display 
address. On the other hand, the display address is 
counted up from "120" to "239", returned to "0" upon 
reaching "239". and counted up again from "0" to 
increase one by one, and the common electrodes are 
selected one by one from the uppermost side by a line 
at a time scheme. Consequently, as shown in Fig. 2. the 
data in the lower side (i.e.. the display addresses "120" 
- "239") is now displayed in the upper side (1-120 lines 
from the uppermost) of the LCD panel 62, and the data 
in the upper side (i.e., the display addresses "0" - "119") 
is now displayed in the lower side (121 - 240 lines from 
the uppermost) of the LCD panel 62. 
[0015] The display address of the address counter 
(not shown) included in the display logic circuit 34 is set 
to a predetermined initial value at the timing of the reset 
signal RES (401). The MPU 1 can freely set the initial 
value of the display address through the MPU logic cir- 
cuit 33. Accordingly, the MPU 1 can scroll a screen ver- 
tically just by writing, in the address counter not shown 
in Fig. 3, the initial value of the display address which is 
to be displayed at the uppermost end of the LCD panel 
61 , without rewriting the display data in the display RAM 
31. 

[0016] With the above construction wherein the 
address counter returns to "0" after counting up to 
"239", however, a full screen of the LCD panel 61 is 
scrolled. In the case, for example, that an image which 
is not to be scrolled is displayed in the upper or lower 
side of an active area of the LCD panel 61 and a part of 
the screen is to be scrolled, the display data in an area 
of the display RAM 31 , which is to be scrolled, must be 
rewritten from the MPU 1 through the MPU logic circuit 
33. In such a case, the number of accesses from the 
MPU 1 to the RAM built-in X driver 3 is much increased 
and consumption power of the display system is 
increased correspondingly. Further, the following prob- 
lem has been experienced. For example, if another 
interrupt signal is applied to the MPU 1 during rewriting 
of the display data to be scrolled and the rewriting of the 
display data is suspended halfway, the display data 
under the rewriting in the course of scrolling appears on 



the LCD panel 61. 

nicHnsurg nf the Invention 

r [0017] In view of the problems described above, an 
object of the present invention is to provide a semicon- 
ductor device, an image display system, and an elec- 
tronic system employing them, which have succeeded 
in overcoming the above-described problems. 
w [0018] To achieve the above object, according to a 
first aspect of the present invention, there is provided a 
semiconductor device comprising a memory for storing 
display data, and a voltage converting unit for convert- 
ing a logical voltage based on the display data into a 
is driving voltage for driving a display device, the display 
data being read out of the memory in accordance with a 
reference clock, the driving voltage being converted cor- 
responding to the read-out display data and being sup- 
plied to the display device, wherein the semiconductor 
so device further comprises a counting unit for counting an 
address of the memory and registers for storing any 
desired addresses, and the sequence of reading the 
display data stored in the memory is optionally set in 
accordance with the contents of the registers. 
25 [001 9] According to a second aspect of the present 
invention, there is provided a semiconductor device 
comprising a memory for storing display data, a display 
controller for reading the display data out of the memory 
in accordance with a reference dock and supplying the 
30 read-out display data to a voltage converting unit, and 
the voltage converting unit for converting a logical volt- 
age based on the supplied display data into a driving 
voltage for driving a display device and supplying the 
driving voltage to the display device, wherein the display 
35 controller comprises a counting unit for counting an 
address of the memory and registers for storing any 
desired addresses, and the sequence of reading the 
display data stored in the memory is optionally set in 
accordance with the contents of the registers. 
40 [0020] According to a third aspect of the present 
invention, the image display system includes at least 
one fixed display area and at least one display area 
capable of being scrolled. 

[0021] With the construction set forth above, since 
45 the present invention includes the registers for storing 
any desired addresses, the sequence of designating the 
display address of the memory for storing the display 
data, which is supplied to the display device, is set such 
that after counting up from one desired address to 
so another desired address, counting is skipped to still 
another desired address and then continued to further 
another desired address. A displayed image is therefore 
partly scrolled without rewriting the data in the memory. 
As a result, the semiconductor device of the present 
55 invention is suitably employed in an image display sys- 
tem and an electronic system. 
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Brief Description of the Drawings 
[0022] 

Fig. 1 is a block diagram of an image display sys- 
tem according to a first embodiment of the present 
invention. 

Fig. 2 is a block diagram of a conventional image 

display system. 

Fig. 3 is a time chart for Fig. 2. 

Fig. 4 is a circuit diagram of a display logic circuit 

134 in Fig. 1. 

Fig. 5 is a circuit diagram of a coincidence detecting 
circuit 514 in Fig. 4. 
Fig. 6 is a time chart for Fig. 1 . 
Fig. 7 is a time chart for Fig. 4. 
Fig. 8 is a block diagram of an image display sys- 
tem according to a second embodiment of the 
present invention. 
Fig. 9 is a time chart for Fig. 8. 
Fig. 1 0 shows an image display system according 
to a third embodiment of the present invention. 
Fig. 1 1 is a circuit diagram of a display logic 1 34B in 
Fig. 10. 

Fig. 1 2 is a time chart for Fig. 1 1 . 
B est Mode fo r Carrying out the Invention 
First Embodiment 

[0023] A first embodiment will be described with ref- 
erence to the drawings. 

[0024] Fig. 1 is a schematic block diagram of an 
image display system, showing a first embodiment of 
the present invention. 

[0025] The image display system of this embodi- 
ment includes an MPU 11. The MPU 11 is constituted 
by a central processing unit, and has the function of 
generating a signal to write display data, which is to be 
displayed on an LCD, in a display RAM. An oscillator 12 
has the function of generating a reference clock 
required for displaying data on the LCD. A RAM built-in 
X driver 13 is a one-chip unit incorporating a display 
RAM 131, a display controller which is. though not 
denoted in Fig. 1, made up of an MPU logic 133 and a 
display logic 134, and an X driver 132. A Y driver 14 is a 
circuit for receiving, through the display controller, data 
to select a line in which a data signal supplied from the 
X driver 32 is to be written, and converting a voltage for 
selection/non-selection into a voltage required for driv- 
ing the LCD. A display power supply 15 has the function 
of generating a voltage required for displaying data on 
the LCD. LCD panels 161, 162 are each the same 
panel, but represent the cases displaying different 
screen images. The display RAM 131 is constituted by 
a dual port RAM that interfaces with the MPU and the 
display system in asynchronous relation. The X driver 
132 is a circuit for converting the display data read out 



of the display RAM 131 into a voltage required for dis- 
playing data on the LCD. The MPU logic circuit 133 has 
the function of performing processing related to the 
MPU 1 1 such as processing of commands sent from the 

5 MPU 1 1 and control of the display data to be read out of 
and written in the display RAM 131. The display logic 
circuit 134 has the function of performing control related 
to display such as control of the operation of reading the 
display data out of the display RAM 131 and supplying 

70 the read-out data to the X driver 132 and control of the 
Y driver 14. A memory area 1301 serves as an area for 
storing the display data. An MPU read/write circuit 1302 
is a circuit for performing control of reading/writing 
made on the memory area 301. An MPU row address 

75 1303 is a decoder for indicating an address of the mem- 
ory area 1301 in the Y (row) direction in the read- 
ing/writing mode of the MPU. An MPU column address 
1304 is a decoder for indicating an address of the mem- 
ory area 1301 in the X (column) direction in the read- 
me ing/writing mode of the MPU. A display address 1 305 is 
a decoder for reading the display data, which is to be 
supplied to the X driver 132, from among the display 
data stored in the memory area 1301 . 
[0026] The LCD panel 161 has a cfisplay capacity of 

25 320 x 240 dots; namely, it has 240 lines of common 
electrodes on the left side of the panel and 320 lines of 
segment electrodes on the upper side thereof. The dis- 
play RAM 131 incorporated in the RAM built-in X driver 
1 3 has the same display capacity as the LCD panel 1 61 , 

30 i.e., 320 x 240 bits. The MPU column address 1304 of 
the display RAM 131 includes 320 addresses corre- 
sponding to the number of dots in the X direction of the 
LCD panel 161. Because of 8-bit simultaneous writing, 
the MPU row address 1303 of the display RAM 131 

35 includes 30 addresses corresponding to a result of 
dividing 240, i.e., the number of dots in the Y direction of 
the LCD panel 161, by 8. The MPU 11 can write data, 
which is to be displayed, at any desired position in the 
display RAM 131 through the MPU logic circuit 133 and 

40 the MPU read/write circuit 1302 by designating any 
desired addresses to the MPU column address 1304 
and the MPU row address 1303 through the MPU logic 
circuit 133. One bit of the display data corresponds to 
one dot for display in the LCD panel 161. If the display 

45 data is "O", the predetermined dot in the LCD panel 161 
corresponding to that display data is displayed white, 
and if the display data is "1", it is displayed black. 
[0027] The display address 1305 includes 240 
addresses corresponding to the number of dots in the Y 

so direction of the LCD panel 161 . The display logic circuit 
134 designates any one of the display addresses "0" - 
"239". When the display address is designated, the dis- 
play RAM 131 outputs data of 320 bits corresponding to 
the number of dots in the X direction of the LCD panel 

55 161. and supplies the data to the X driver 132. The X 
driver 132 converts the received display data into a volt- 
age required for driving the LCD panel 161, and sup- 
plies the voltage to the LCD panel 161 for driving the 
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same. 

[0028] Fig. 4 is a circuit diagram of the display logic 
circuit 134 in Fig. 1. 

[0029] In the display logic circuit 134, counters 501 
- 503 are each an 8-bit address counter with set and 
reset terminals. Registers 504 - 509 each store an 8-bit 
address. A counter 510 is an 8-bit counter with a reset 
terminal. Selectors 511 - 513 each function to select 
one of 8-bit, 2-line data A and data B. Specifically, each 
selector selects data A when "L" is inputted to a select 
terminal S. and selects data B when "H" is inputted to 
the select terminal S. A coincidence detecting circuit 
514 compares sets of 8-bit, 2-line data. A set/reset flip- 
flop (hereinafter referred to as an "RSFF") 515 outputs 
H L" when an "H" pulse is inputted to a reset terminal R, 
and outputs "H" when an "H" pulse is inputted to a set 
terminal S. An OR gate 51 6 is a circuit for outputting the 
logical sum of two input signals. A signal 525 is an 
address counter output. 

[0030] Fig. 5 is a circuit diagram showing one 
example of the coincidence detecting circuit 514 in Fig. 
4. 

[0031] In the coincidence detecting circuit 514, 
numeral 517 denotes an exclusive NOR circuit (herein- 
after referred to as an "EXN"), numeral 51 8 denotes a 4- 
input AND circuit, numeral 519 denotes a 2- input AND 
circuit numeral 520 denotes an inverter, numeral 521 
denotes a delay flip-flop (hereinafter referred to as a "D- 
FF"), numeral 522 denotes an 8-bit comparison output, 
numeral 523 denotes an output of the D-FF, and 
numeral 524 denotes a coincidence- detected output. 
[0032] Fig. 6 is a time chart of signals at respective 
points for explaining the operation of Fig. 1 , and Fig. 7 is 
a time chart of signals at respective points for explaining 
the operation of Fig. 4. In each time chart, the vertical 
axis represents a logical level and the horizontal axis 
represents time. The operation of the image display sys- 
tem shown in Fig. 1 will be described with reference to 
Figs. 6, 7 and 4. 

[0033] A signal 1401 is a reset (RES) signal, a sig- 
nal 1402 is a reference clock DCLK supplied from the 
oscillator 12, signals 1403, 1412 are each an output of 
a not-shown address counter included in the display 
logic circuit 134. signals 1404, 1413 are each X driver 
data given by the data in the display RAM 131 that is 
taken in by the X driver 132 at a fall of the reference 
clock DCLK. a signal 1405 is a selection signal YDATA 
supplied to the Y driver 14, and signals 1406 - 141 1 are 
selected data transferred by a 240-step shift register 
(not shown) in the Y driver 1 4. 

[0034] The selection signal YDATA (1405) is a 
selection signal supplied to the Y driver 14. "H" of the 
YDATA (1405) corresponds to line selection and H L W cor- 
responds to non-selection. The selection signal YDATA 
(1 405) turns to "IT from the rise edge of the reset signal 
RES to the rise edge of the next reference clock DCLK. 
After that, the selection signal YDATA (1405) turns to 
"H" each time 240 pulses of the reference clock DCLK 



are outputted. The Y driver 1 4 takes in the selection sig- 
nal YDATA with the fall edge of the reference clock 
DCLK and transfers the selection signal YDATA by the 
240-step shift register (not shown) in the Y driver 14. 

5 Outputs of respective registers of the 240-step shift reg- 
ister are issued as the signals 1406 - 141 1 and provide 
data supplied to 240 terminals of the Y driver 14. The 
outputs of the respective registers are each converted 
into a voltage required for displaying data on liquid crys- 

70 tais, and are then supplied to the LCD panel 161 for 
driving the LCD panel 161. The data of the signal YO 
(1406) is supplied to an uppermost terminal of the LCD 
panel 161 after being converted into a voltage required 
for displaying data on liquid crystals, and the data of the 

75 signal Y1 (1407) is supplied to another terminal posi- 
tioned adjacently under the uppermost terminal. Like- 
wise, the data of the signal Y2 (1408) is supplied to still 
another terminal positioned adjacently under the sec- 
ond uppermost terminal. In other words, one of the 240 

20 lines of common electrodes is selected each time, and 
the selected electrode is scanned downward from the 
uppermost electrode. 

[0035] The display address 1305 of the display 
RAM 131 includes addresses assigned with "0" - "239° 

25 from an upper end to a lower end. As shown in Fig. 1. 
. data"o", m Q m AND "a" are written by the MPU 11 in the 
memory area 1301 throughout the display addresses 
"0" - "239". More specifically, data "□** is written through- 
out the display addresses "0" - "79", data "O" »s written 

30 throughout the display addresses "80" - "1 59". and data 
"a" is written throughout the display addresses "leO" - 
"239". Those display data are each symbolically indi- 
cated, taking into account that a dot in the memory area 
301 where H 1 " has been written is displayed black and a 

35 dot therein where "0" has been written is displayed 
white. In fact, the display data is electrically written in 
the memory area 1301 . 

[0036] When any display address is inputted, the 
display RAM 131 supplies 320 bits of the display data at 

40 the inputted address to the X driver 32. By incrementing 
the display address from "0" to "239" one by one in 
synch with the reference clock DCLK, therefore, the dis- 
play data is displayed in sequence. Specifically, since 
the X driver 32 takes in the data at a fall of the reference 

45 clock and outputs the taken-in data after converting a 
voltage, the data at the display address "0" is outputted 
to the segment electrodes for display when the upper- 
most one of the common electrodes is selected by the Y 
driver 14, and the data at the display address "1 " is out- 

so putted to the segment electrodes for display when the 
second uppermost one of the common electrodes is 
selected by the Y driver 14. 

[0037] This embodiment represents a method of 
variously changing data to count the display address 
55 such that fixed display areas are held in the upper and 
lower sides of a display screen while a display area 
between them is scrolled. Concretely, in this embodi- 
ment, display of the data "□" and "a" is kept not scrolled 
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(fixed display), whereas display of only the data "O" is 
scrolled. Note that the display address "0" - "79", for 
example, at which the display data is written, is 
referred to as an upper fixed display area, and the dis- 
play address "160* - "239", for example, at which the 
display data "a" is written, is referred to as a lower fixed 
display area. 

[0038] In Fig. 7, a signal 401 is a reset signal RES. 
A signal 402 is a reference clock DCLK supplied from 
the oscillator 12. A signal 414 is an output of the counter 
501 . A signal 415 is an output of the EXN 51 7. A signal 
416 is an output of the D-FF 521 . A signal 417 is a coin- 
cidence-detected output between the counter 501 and 
the register 504. A signal 418 is an input applied to the 
select terminal S of the selector 51 1 . A signal 419 is an 
output of the counter 502. A signal 420 is a coincidence- 
detected output between the counter 502 and the regis- 
ter 507. A signal 421 is a coincidence-detected output 
between the counter 510 and the register 508. A signal 
422 is an output of the counter 503. A signal 423 is a 
coincidence-detected output between the counter 503 
and the fixed address "239". A signal 424 is an input 
applied to the select terminal S of the selector 512. A 
signal 425 is an input applied to the select terminal S of 
the selector 513. A signal 426 is an address count out- 
put applied to the display address 1305. 
[0039] With the rise edge of the reset signal RES 
(401). the counter 501 is set to "0" and outputs "0". The 
counters 502. 503 and the counter 510 are reset and 
output "0". Further, "L H is applied to the terminals S of 
the selectors 512, 513 through the RSFFs 515, where- 
upon the selectors 512, 51 3 select the data A. Since the 
selectors 512, 513 select the data A, "0" that is the out- 
put of the counter 501 is issued as the address count 
output 525. The address count output 525 is supplied to 
the display address 1 305 of the display RAM 131 shown 
in Fig. 1 for selecting the display address. 
[0040] Any desired addresses indicating the scroll 
area, the fixed display areas and the number of display 
lines are written in the registers 504 - 509 from the MPU 
1 1 through the MPU logic circuit 133. More specifically, 
the last one of the display addresses of the upper fixed 
display area in which "a" is written, i.e., "79", is written 
in the register 504. Among the display addresses "80" - 
"159" of the scroll area in which "O" is written, the 
scrolling start address "120" that is to be displayed at 
the head of the scroll area is written in the register 505. 
A result "80" of adding "1 " to the last one "79" of the dis- 
play addresses of the fixed display area, in which is 
written, by the display logic circuit 133 is written in the 
register 506. The last one of the display addresses of 
the scroll area in which "O" is written, i.e., "159", is writ- 
ten in the register 507. A result "159" of subtracting "1" 
from "160", which is obtained by subtracting "80* corre- 
sponding to the number of display lines for the display 
addresses of the lower fixed display area, where "a" is 
written, from "240" corresponding to the total number of 
display lines, is written in the register 508. The head one 



of the display addresses of the lower fixed display area 
in which "a" is written, i.e., "160", is written in the regis- 
ter 509. 

[0041] The counter 501 counts up the address 

5 number with the rise edge of the reference clock DCLK 
supplied from the oscillator 12. Upon the counter 501 
counting up to "79", because the count coincides with 
the last address "79" of the upper fixed display area 
which is stored in the register 504, the coincidence 

10 detecting circuit 514 detects a coincidence and outputs 
"H" for a half-clock period from the next rise edge of the 
reference clock DCLK to the fall edge. 
[0042] The operation of the coincidence detecting 
circuit 514 will now be described. 

15 [0043] The EXN 517 outputs "H" when two input 
signals coincide with each other. The 4-input AND cir- 
cuit 518 outputs "H" when all four input signals assume 
"H". The 2-input AND circuit 519 outputs "H" when all 
two input signals assume "H\ Because there are eight 

20 EXNs 517, "H" is issued as the 8-bit comparison output 
522 when a perfect coincidence occurs in all bits of 8-bit 
data. As indicated by the 8-bit comparison output 415 in 
Fig. 7, the 8-bit comparison output 522 assumes "H" in 
match with the period during which the 8-bit counter 501 

25 issues the output signal of "79". The 8-bit comparison 
output 522 is latched by the D-FF 521 upon the refer- 
ence clock DCLK that is obtained by inverting the refer- 
ence clock DCLK through the inverter 520, and an 
output of the D-FF 521 is delayed a half clock as indi- 

30 cated by the D-FF output 41 6. The logical product of the 
output signal of the D-FF 521 and the reference clock is 
taken by the AND circuit 51 9. As a result, the output sig- 
nal 524 of the coincidence detection assumes "H" for a 
half clock succeeding to the address at which the coin- 

35 cidence has occurred. 

[0044] When the output signal of the counter 501 
takes "79" and the coincidence detecting circuit 514a 
outputs an "IT pulse, "L" is applied to the terminal S of 
the selector 511 through the RSFF 51 5a, causing the 

40 selector 51 1 to select the data A. The data A is output- 
ted from the register 505, and the scrolling start address 
"1 20" is inputted to the counter 502 through the selector 
51 1 . Since the output of the coincidence detecting cir- 
cuit 514a is connected to the set terminal S of the coun^ 

4s ter 502 through the OR gate 516a. the "H" pulse 
outputted from ; th6^ilh^i3^&#'d^%SSH^ arcuit 51 4a>is 
applied to the set terminal S of the counter 502, and the 
scrolling start address "120" is set in the counter 502. 
The "H" pulse outputted from the coincidence detecting^ 

so circuit 514a is also applied to the terminal S of/the 
selector 512 through the RSFF 51 5b, causing the selec- 
tor 512 to select the data B. Accordingly/the output 
"120" of the counter 502 is issued to the address count 
output 525 through the selectors 512. 513. 

55 [0045] When the counter 502 counts up the 
address number with the rise edge of the reference 
clock DCLK and the count reaches "159". the coinci- 
dence detecting circuit 514b detects a coincidence and 
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outputs an "IT pulse because the count coincides with 
the last address "159" of the scroll area which is stored 
in the register 507. With the outputted "IT pulse, "IT is 
applied to the terminal S of the selector 511. causing 
the selector 51 1 to select the data B. The data B is con- 
nected to an output of the register 506 in which is writ- 
ten "80" that is resulted from adding "1" to the last 
address "79" of the upper fixed display area by the dis- 
play logic circuit 133, and therefore "80" is inputted to 
the counter 502. Since the output of the coincidence 
detecting circuit 514b is connected to the set terminal S 
of the counter 502 through the OR gate 516a, the "H" 
pulse outputted from the coincidence detecting circuit 
514b is applied to the set terminal S of the counter 502, 
and "80" is set in the counter 502. 
[0046] Subsequently, the counter 502 continues 
count-up with the rise edge of the reference clock 
DCLK. In parallel, the counter 510 also counts up the 
address number with the rise edge of the reference 
clock DCLK. Upon the counter 510 counting up to "1 59", 
the coincidence detecting circuit 514c detects a coinci- 
dence and outputs an "H" pulse because the count coin- 
cides with "159" stored in the register 508. The counter 
503 is connected to an output of the register 509 in 
which is written the head address "160" of the lower 
fixed display area, and therefore "160" is inputted to the 
counter 503. Since the output of the coincidence detect- 
ing circuit 51 4c is connected to the set terminal S of the 
counter 503, the "IT pulse outputted from the coinci- 
dence detecting circuit 51 4c is applied to the set termi- 
nal S of the counter 503, and "160" is set in the counter 
503. The "H" pulse outputted from the coincidence 
detecting circuit 51 4c is also applied to the terminal S of 
the selector 513 through the RSFF 515c. causing the 
selector 513 to select the data B. Accordingly, "160" is 
issued to the address count output 525. 
[0047] Further, when the counter 503 counts up the 
address number with the rise edge of the reference 
clock DCLK and the count reaches "239", the coinci- 
dence detecting circuit 51 4d detects a coincidence and 
outputs an "H" pulse because the count coincides with 
"239" given as the fixed address. The outputted "H" 
pulse becomes the reset signal RES through the OR 
gate 516b, whereby the setting is returned to the initial 
state. Then, the address count is repeated successively 
so long as the reference clock DCLK is applied. 
[0048] As a result as indicated by the address 
count output 426, the addresses are issued to the 
address count output 525 in the sequence of "0" to "79", 
"120" to "159", "80" to "119", and "160" to "239" starting 
from the reset signal RES. At this time, because the Y 
driver 14 selects the common electrode from the upper 
most line of the LCD panel 161 in a line at a time 
scheme starting from the reset signal RES, the data is 
displayed such that "O" in fr> e scr ° n display area is 
inverted between an upper half and a lower half, as rep- 
resented in the LCD panel 161. 
[0049] Scrolling can be executed by changing the 



data in the register 505 that stores the scrolling start 
address, which is to be displayed at the head of the 
scroll area, among the display addresses "80" - "1 59" of 
the scroll area where "O" is written. For example, if 
5 "90" is written in the register 505. the addresses are out- 
putted in the sequence of "0" to "79". "90" to "159". "80" 
to "89". and "160" to "239" starting from the reset signal 
RES. Also, if "80" is written in the register 505, the 
addresses are outputted in the sequence of "0" to "79", 
10 "80" to "159" and "160" to "239" starting from the reset 
signal RES. Consequently, when "0" is written in the 
register 505, the data is displayed as represented in the 
LCD panel 162 in Fig. 1. 

[0050] Stated otherwise, since the sequence of 
is addresses ranging from "0" to "79" and from "160" to 
"239" is not changed, the data can be f ixedly displayed 
in the areas corresponding to those addresses, while 
display only in the scroll area is changeable. Thus, the 
MPU 1 1 can scroll only a part of the screen vertically 
so just by writing, in the register 505. the display address of 
the head line from which scrolling is to be started, with 
no need of rewriting the display data in the display RAM 
131. 

[0051] The scroll display area is freely variable by 
25 changing the data written in the register 504 and the 
registers 506 - 509. Also, while the input data "0" to the 
counter 501 and the input data "239" to the counter 503 
are described as being f ixed values, any other address 
may also be set by supplying input data of another value 
30 from another not-shown register. Further, the present 
invention can also be easily implemented in a similar 
manner as with the above-described embodiment, for 
example, in the case of displaying data fixedly in the 
upper fixed display area and scrolling data in all the 
35 other area including the scroll area and the lower fixed 
display area, or in the case of displaying data fixedly in 
the lower fixed display area and scrolling data in all the 
other area including the upper fixed display area and the 
scroll area. In addition, it is possible to vertically divide a 
40 screen into any desired number of areas and to perform 
scrolling in any of the areas similarly to the above- 
described embodiment by adding any desired number 
of registers similar to the registers 504 - 509, counters, 
etc. in Rg. 4 and inputting any desired addresses to the 
45 registers. 

ft^nri Embodiment 

[0052] A second embodiment will be described with 
so reference to the drawings. 

[0053] Fig. 8 is a block diagram of an image display 
system, showing a second embodiment of the present 
invention. In Fig. 8, common elements to those in Rg. 1 
showing the first embodiment are denoted by common 
55 symbols. 

[0054] The image display system of this second 
embodiment includes, instead of the display RAM 131 
and the display logic 134 in Rg. 1 . a RAM 131 A having 
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a larger storage capacity (e.g.. capacity of 320 x 320 
bits) and a display logic 134A having a different con- 
struction. Because the storage capacity of the LCD 
panel 161 is 240 x 320 dots, the RAM 131 A has a stor- 
age capacity greater than that necessary for displaying 
a full screen image. The display address 1305 of the 
display RAM 131 A includes 320 addresses assigned 
with "0" - "319" from an upper end to a lower end. As 
shown in Fig. 1 , data "□". "O", "X" and "a" are written 
by the MPU 1 1 in the memory area 1301 throughout the 
display addresses "0" - "319". More specifically, data "d" 
is written throughout the display addresses "0" - "79", 
data "O" ^ written throughout the display addresses 
"80" -"159", data T is written throughout the display 
addresses "1 60" - "239". and data "a" is written through- 
out the display addresses "240" - "31 9*\ In the display 
logic 134A, input data "319" is set instead of the input 
data "239" that is applied to one input terminal of the 
coincidence detecting circuit 51 4d in Fig. 4 showing the 
first embodiment. The other construction is the same as 
shown in Fig. 1 . 

[0055] Fig. 9 is a time chart of signals at respective 
points for explaining the operation of Fig. 8. In Fig. 9, the 
vertical axis represents a logical level and the horizontal 
axis represents time. The operation of the image display 
system of Fig. 8 will be described below with reference 
to Fig. 9. 

[0056] Although the basic operation is the same as 
described above in connection with Fig. 7. count data at 
each of the output 414 of the counter 501, the output 
419 of the counter 502, and the output 422 of the coun- 
ter 502 is different. More specifically, any desired 
addresses indicating the scroll area, the fixed display 
areas and the number of display lines are written in the 
registers 504 - 509. The last one of the display 
addresses of the upper fixed display area in which "□** is 
written, i.e., "79", is written in the register 504. Among 
the display addresses "80" - "239" of the scroll area in 
which "O" and "X" are written, the scrolling start 
address "80" that is to be displayed at the head of the 
scroll area is written in the register 505. A result "80" of 
adding "1" to the last one "79" of the display addresses 
of the fixed display area, in which "a" is written, by the 
display logic circuit 134A is written in the register 506. 
The last one of the display addresses of the scroll area 
in which "O" and H X" are written, i.e., "159". is written in 
the register 507. A result "159" of subtracting "1" from 
"160", which is obtained by subtracting "80" correspond- 
ing to the number of display lines for the display 
addresses of the lower fixed display area, where "a" is 
written, from "240" corresponding to the total number of 
display lines, is written in the register 508. The head one 
of the display addresses of the lower fixed display area 
in which "a" is written, i.e.. "240". is written in the regis- 
ter 509. 

[0057] The circuit operates in a similar manner as 
with the first embodiment under the above-described 
setting. As a result, as indicated by the address count 



output 426 in Fig. 9, the address count output 525 pro- 
vided to the display address 1305 issues the addresses 
in the sequence of N 0" to "79", "80" to "159", and "240" 
to "31 9" starting from the reset signal RES. At this time, 

5 because the Y driver 14 selects the common electrode 
from the upper most line of the LCD panel 161 in a line 
at a time scheme starting from the reset signal RES. 
only " O n o f " O " and "X" in the scro11 display area is dis- 
played and "X" is not displayed, as represented in the 

w LCD panel 161. 

[0058] Scrolling can be executed by changing the 
data in the register 505 that stores the scrolling start 
address, which is to be displayed at the head of the 
scroll area, among the display addresses "80" - "239" of 

75 the scroll area where "O" and "X" are written. For 
example, if "160" is written in the register 505. the 
addresses are outputted in the sequence of "0" to "79", 
"160" to "239". and "240" to "319" starting from the reset 
signal RES. Consequently, when "0" is written in the 

20 register 505, the data is displayed as represented in the 
LCD panel 162 in Fig. 8. Stated otherwise, since an 
extra memory is provided, the display data that has not 
been displayed so far can be displayed as soon as the 
data is scrolled, and therefore smooth scrolling can be 

25 achieved. If there is no extra memory, this means that 
the position of the same data is simply moved in the 
scroll area. In the case of, for example, desiring to dis- 
play new data at the same time as scrolling, data in the 
display RAM 131 must be rewritten one after another 

30 each time the data is scrolled. However, the rewriting 
and the scrolling cannot be performed at the same time, 
and the rewriting must be made on the data being dis- 
played. Accordingly, the scrolling cannot be smoothly 
performed depending on the speed and timing of the 

35 rewriting executed by the MPU 11. 

[0059] The scroll display area is freely variable by 
changing the data written in the register 504 and the 
registers 506 - 509. Also, while the input data "000" to 
the counter 501 and the input data "319" to the counter 

40 503 are described as being fixed values, any other 
address may also be set by supplying input data of 
another value from another not-shown register. Further, 
the present invention can also be easily implemented in 
a similar manner as with the above-described embodi- 
es merit in the case of scrolling data in all the other area 
except for the upper fixed display area, or in the case of 
scrolling data in all the other area except for the lower 
fixed display area. Moreover, while the first and second 
embodiments are implemented by the addressing 

so method in which the Y driver 14 selects one line at a 
time, another addressing method of selecting plural 
lines at a time can also be easily realized in accordance 
with the present invention based on the similar intent. 
[0060] In addition, as with the first embodiment, it is 

55 possible to vertically divide a screen into any desired 
number of areas and to perform scrolling in any of the 
areas similarly to the above-described embodiment by 
adding any desired number of registers similar to the 
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registers 504 - 509, counters, etc. and inputting any 
desired addresses to the registers. 

Third Embodiment 

5 

[0061] A third embodiment will be described with 
reference to the drawings. 

[0062] Fig. 10 is a block diagram of an image dis- 
play system, showing a third embodiment of the present 
invention. In Fig. 10, common elements to those in Fig. 10 
1 showing the first embodiment are denoted by com- 
mon symbols. 

[0063] The image display system of this third 
embodiment includes, instead of the display logic 134 in 
Fig. 1 , a display logic 134B having a different construe- is 
Won. The other construction is the same as shown in 
Fig. 1. 

[0064] Fig. 1 1 is a circuit diagram of a principal part 
of the display logic 134B in Fig. 10. In Fig. 1 1 , common 
elements to those in Fig. 4 are denoted by common so 
symbols. 

[0065] The display logic 134B includes a register 
505 for storing the scrolling start address (e.g., "120"), a 
register 506 for storing the head address (e.g.. "80") of 
the scroll area, a register 507 for storing the last 25 
address (e.g., "159") of the scroll area, and a register 
508. A result "159" of subtracting "1" from "160", which 
is obtained by subtracting "80" corresponding to the 
number of display lines for the display addresses of the 
lower fixed display area, where "a" is written, from "240" 30 
corresponding to the total number of display lines, is 
written in the register 508. The register 505 is con- 
nected to an input terminal A of a selector 51 1b. and the 
register 506 is connected to an input terminal B of the 
selector 51 1b. Also, the register 506 is connected to a 35 
decrement circuit (circuit for subtracting one) 523, and 
the decrement circuit 523 is connected to one input ter- 
minal of a coincidence detecting circuit 514a. The regis- 
ter 507 is connected to an increment circuit (circuit for 
adding one) 524 and to one input terminal of a coinci- *o 
dence detecting circuit 514b. The register 508 is con- 
nected to one input terminal of a coincidence detecting 
circuit 514c. A reset signal RES and a signal DATA are 
applied to an OR circuit 521 . An output terminal of the 
OR circuit 521 is connected to a reset terminal R of a 45 
counter 510 for counting a reference clock DCLK. and to 
terminals R of RSFFs 522a. 522b and 522c. An output 
terminal of the counter 510 is connected to the other 
input terminal of the coincidence detecting circuit 514c. 
An output terminal of the coincidence detecting circuit so 
514c is connected to a terminal S of the RSFF 522c and 
to a first input terminal of an OR circuit 516. 
[0066] Also, the signal DATA is applied to a second 
input terminal of the OR circuit 516. An output terminal 
of the coincidence detecting circuit 51 4a is connected to 56 
a third input terminal of an OR circuit 51 6 and to a termi- 
nal S of the RSFF 522b. A terminal S of the selector 
511b is connected to an output terminal of the RSFF 



522a. An output terminal of the selector 511b is con- 
nected to an input terminal B of a selector 511a, and 
data "000" is applied to an input terminal A of the selec- 
tor 51 1a. A terminal S of the selector 51 1a is connected 
to an output terminal of the RSFF 522b. An output ter- 
minal of the selector 51 1 a is connected to an input ter- 
minal A of a selector 51 1 c, and an output terminal of the 
increment circuit 524 is connected to an input terminal B 
of the selector 51 1c An output terminal of the selector 
511c is connected to an input terminal D of the counter 
503, and the reference clock DCLK is applied to a clock 
input terminal CK of the counter 503. The reset signal 
RES is applied to a reset terminal R of the counter 503. 
An output terminal of the counter 503 is connected to 
the other input terminal of the coincidence detecting cir- 
cuit 514a and to the other input terminal of the coinci- 
dence detecting circuit 514b. An address count output 
525 is issued from the output terminal of the counter 
503. An output terminal of the coincidence detecting cir- 
cuit 514b is connected to a fourth input terminal of the 
OR circuit 516 and to a terminal S of the RSFF 522a. 
[0067] Fig. 12 is a time chart of signals at respec- 
tive points for explaining the operation of the image dis- 
play system of Fig. 11. 

[0068] In the image display system of the third 
. embodiment, the scrolling start address "120" is written 
in the register 505. the head address "80" of the scroll 
area is written in the register 506. the last address "159" 
of the scroll area is written in the register 507. and a 
result "159" of subtracting "1" from "160", which is 
obtained by subtracting "80" corresponding to the 
number of display lines for the display addresses of the 
lower fixed display area, where "a" is written, from "240" 
corresponding to the total number of display lines, is 
written in the register 508. Then, substantially the same 
operation as in the first embodiment is performed by the 
display logic 134B which has a simpler construction 
than the display logic 134 shown in Fig. 4. 

Industrial A pplicability 

[0069] As described above, when the semiconduc- 
tor device of the present invention is employed in elec- 
tronic systems such as electronic notepads and cellular 
phones, for example, the MPU 1 1 can scroll only a part 
of the screen just by writing, in a register, the display 
address of the head line from which scrolling is to be 
started, without rewriting the display data in the display 
RAM 131, by performing initial setting of a scroll area 
and a fixed display area. Therefore, the number of 
accesses made from the MPU 1 1 to the display RAM 
131 is much lessened and power consumption in the 
scrolling mode can be greatly reduced in comparison 
with the case of rewriting the display data in the scroll 
> area. Further, if another processing is interrupted in the 
MPU 1 1 during rewriting of the display data in the dis- 
play RAM 131, the display data in the course of the 
rewriting appears on the screen in the conventional sys- 
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tem wherein the display data is scrolled after the rewrit- 
ing, but such a trouble can be avoided in the present 
invention. Additionally, by preparing a memory that has 
a larger capacity than required for displaying a full 
screen image, the display data including new data can 
be smoothly scrolled. 

Claims 

1 . A semiconductor device comprising a memory for 
storing display data, and 

a voltage converting unit for converting a logi- 
cal voltage based on said display data into a 
driving voltage for driving a display device, 
said display data being read out of said mem- 
ory in accordance with a reference clock, said 
driving voltage being converted corresponding 
to the read-out display data and being supplied 
to said display device, 

wherein said semiconductor device further 
comprises a counting unit for counting an 
address of said memory, and registers for stor- 
ing any desired addresses, and 
the sequence of reading the display data 
stored in said memory is optionally set in 
accordance with the contents of said registers. 

2. A semiconductor device according to Claim 1, 
wherein said memory has a memory capacity 
larger than that for the display data corresponding 
to the number of pixels of said display device. 

3. A semiconductor device comprising a memory for 
storing display data, 

a display controller for reading said display 
data out of said memory in accordance with a 
reference clock and supplying the read-out dis- 
play data to a voltage converting unit, and 
said voltage converting unit for converting a 
logical voltage based on the supplied display 
data into a driving voltage for driving a display 
device and supplying the driving voltage to said 
display device, 

wherein said display controller comprises a 
counting unit for counting an address of said 
memory, and registers for storing any desired 
addresses, and 

the sequence of reading the display data 
stored in said memory is optionally set in 
accordance with the contents of said registers. 

4. A semiconductor device according to Claim 3, 
wherein said memory has a memory capacity 
larger than that for the display data corresponding 
to the number of pixels of said display device. 



5. A semiconductor device according to Claim 1 or 2, 
wherein after counting up from a first fixed address 
to an address stored in a first register, counting is 
performed from an address stored in a second reg- 

5 ister to an address stored in a third register. 

6. A semiconductor device according to Claim 1 or 2, 
wherein after counting up from an address stored in 
a first register to an address stored in a second reg- 

w ister, counting is performed from an address stored 
in a third register to a second fixed address. 

7. A semiconductor device according to claim 1 or 2, 
wherein aft©- counting up from a first fixed address 

75 to an address stored in a first register, counting is 
performed from an address stored in a second reg- 
ister by a predetermined number of counts, and 
thereafter counting is performed from an address 
stored in a third register to a second fixed address. 

20 

8. A semiconductor device according to claim 3 or 4, 
wherein after counting up from a first fixed address 
to an address stored in a first register, counting is 
performed from an address stored in a second reg- 

25 ister to an address stored in a third register. 

9. A semiconductor device according to Claim 3 or 4, 
wherein after counting up from an address stored in 
a first register to an address stored in a second reg- 

30 ister, counting is performed from an address stored 
in a third register to a second fixed address. 

10. A semiconductor device according to Claim 3 or 4, 
wherein after counting up from a first fixed address 

35 to an address stored in a first register, counting is 
performed from an address stored in a second reg- 
ister by a predetermined number of counts, and 
thereafter counting is performed from an address 
stored in a third register to a second fixed address. 

40 

11. A semiconductor device according to Claim 1 , 2, 5, 
6 or 7, wherein said display device is a liquid crystal 
display of the line at a time scanning type. 

45 12. A semiconductor device according to Claim 3, 4, 8, 
9 or 10, wherein said display device is a liquid crys- 
tal display of the line at a time scanning type. 

13. An image display system including at least one 
so fixed display area and at least one display area 

capable of being scrolled. 

14. An image display system comprising the semicon- 
ductor device according to Claim 1, 2. 5, 6. 7 or 1 1 . 

55 and a display device for receiving said driving volt- 
age and displaying an image corresponding to said 
display data. 
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15. An image display system comprising the semicon- 
ductor device according to Claim 3, 4, 8, 9, 10 or 
12, and a display device for receiving said driving 
voltage and displaying an image corresponding to 
said display data. 5 

16. An electronic system including the semiconductor 
device according to Claim 1 , 2, 5. 6, 7 or 1 1 . 

17. An electronic system including the semiconductor io 
device according to Claim 3, 4, 8, 9, 10 or 12. 

18. An electronic system including the image display 
system according to Claim 13. 

15 

19. An electronic system including the image display 
system according to Claim 14. 

20. An electronic system including the image display 
system according to Claim 1 5. 20 
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FIG. 3 




15 

BNSDOCID: <EP 1011087A1 J_> 



EP1 011 087 A1 



FIG. 4 
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